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(57) ABSTRACT 

A flash memory cell is provided. The flash memory cell 
includes: a substrate with a source line thereon; a word line 
and a word line dielectric layer on each side of the source line: 
an isolating dielectric layer which isolates the Source line 
from the word line and the word line dielectric layer on each 
side of the source line; a gate stack on an outer side of each 
word line dielectric layer, including a floating gate dielectric 
layer, a floating gate, a control gate dielectric layer and a 
control gate; a first spacer, disposed on an outer sidewall of 
each word line dielectric layer and on each control gate; and 
a source region in the Substrate and in contact with the source 
line. The space may be saved and the costs may be reduced. 

12 Claims, 7 Drawing Sheets 
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FIG. 1 (Prior Art) 
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a substrate with a first dielectric layer and a first polysilicon layer successively S2O1 
formed thereon is provided 

isolating structures, which penetrate through the first dielectric layer and the first S2O2 
polysilicon layer, and extend into the substrate, are formed 

o - S2O3 a second dielectric layer, a Second polysilicon layer and a hard mask layer are 
successively formed on the first polysilicon layer and the isolating structures 

the hard mask layer, the second polysilicon layer, the second dielectric layer, the S204 
first polysilicon layer and the first diclectric layer arc Successively ctchcd until a 

portion of the Substrate is exposed, so as to form an opening therein 

a third dielectric layer and a third polysilicon layer are successively formed on the S2O5 
hard mask layer and the openings sidewalls and bottom surface 

a portion of the third dielectric layer and a portion of the third polysilicon layer are S2O6 
etched until the hard mask layer and a portion of the substrate are exposed, so as to 

form a word line and a word line dielectric on each of the opening's sidewalls 

S2O7 ions are implanted into the substrate’s exposed portion to form a source region 
therein 

1 S208 
a source line is formed on the source region and an isolating dielectric layer is 

formed between the source line and each word line 

S209 
the hard mask layer is removed and a first spacer is formed on an outer sidewall of 

each word line dielectric layer 

by using the first spacers as a mask, the Second polysilicon layer, the second 
dielectric layer, the first polysilicon layer and the first dielectric layer are S210 

successively etched until the substrate is exposed, so as to form a gate stack 
including a control gate, a control gate dielectric layer, a float gate and a float gate 

diclectric laver on cach side of the source linc 

S211 
on an outer side of each gate stack, a second spacer is formed on a sidewall of each 

gate stack and a drain region is formed in the substrate 

FIG 2 

  



U.S. Patent Oct. 1, 2013 Sheet 3 of 7 US 8,546,217 B2 

FIG 3 
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FLASH MEMORY AND METHOD FOR 
FORMING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority to Chinese Patent 
Application No. CN2011 10379488.X., filed on Nov. 24, 
2011, and entitled “FLASH MEMORY AND METHOD 
FORFORMING THE SAME, the entire disclosure of which 
is incorporated herein by reference. 

FIELD OF THE DISCLOSURE 

The present disclosure generally relates to semiconductor 
manufacturing, and more particularly, to a flash memory and 
a method for forming the same. 

BACKGROUND OF THE DISCLOSURE 

Read only memory (ROM), a kind of non-volatile memory, 
does not lose stored information and data even when power 
off. Erasable programmable ROM (EPROM) further devel 
ops ROM’s application into capability of data erasable and 
rewriteable. However, erasing data in an EPROM requires 
ultraviolet rays, which raises cost of EPROM. Furthermore, 
all the programs or data stored in the EPROM are erased 
indiscriminately in an erasing process even only a portion of 
them are aimed to be erased. Therefore, for each data alter 
nation, the whole flash memory needs to be reprogrammed, 
which is time-wasting. 

Another kind of data erasable memory, electrically eras 
able programmable ROM (EEPROM), does not have above 
disadvantages, in which data can be erased and rewritten bit 
by bit, facilitating repeated programming, reading and eras 
1ng. 

FIG. 1 is a schematic cross-sectional view of a memory cell 
in a conventional EEPROM. 

Referring to FIG. 1, the memory cell includes a substrate 
100, a storage transistor 10 and a selection transistor 20 
disposed on the substrate 100. The storage transistor 10 and 
the selection transistor 20 are spaced apart. The storage tran 
sistor 10 includes a first gate stack on a top Surface of the 
substrate 100, a first source region 109 and a first drain region 
in the substrate 100 and on opposite sides of the first gate 
stack. The selection transistor 20 includes a second gate stack, 
a second source region and a second drain region 107 in the 
Substrate 100 and on opposite sides of the second gate stack, 
where the first drain region of the storage transistor 10 and the 
second source region of the select transistor 20 overlap with 
each other, forming a common doping region 108 which 
connects the storage transistor 10 and the selection transistor 
20. The first gate stack of the storage transistor 10 includes a 
tunneling oxide layer 101, a floating gate 102, a control gate 
oxide layer 103 and a control gate 104 successively formed on 
the top surface of the substrate 100. The second gate stack of 
the select transistor 20 includes a gate oxide layer 105 and a 
gate electrode 106 successively formed on the top surface of 
the Substrate 100. An N-well is formed in the Substrate 100. 
The second drain region 107, the first source region 109 and 
the common doping region 108 are all P-type doped. 

Erasing operation of the memory cell includes: applying 
positive voltages to the gate electrode 106 (coupled to a word 
line) of the select transistor 20 and to the first source region 
109 (coupled to a source line) of the storage transistor 10, 
applying a negative Voltage to the control gate 104 of the 
storage transistor 10, and configuring the second drain region 
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2 
107 (coupled to a bit line) of the selection transistor 20 to 
open. By doing this, electrons stored in the floating gate 102 
of the storage transistor 10 may pass through the tunneling 
oxide layer 101 and be transferred to the first source region 
109, which accomplishes erasing the memory cell. 
More information about manufacturing EEPROM devices 

may be referred to U.S. Patent Publication No. US2010/ 
O311603A1. 

However, the memory cell of the conventional EEPROM 
includes a storage transistor and a selection transistor which 
are spaced apart from each other. A common doping region is 
necessary to realize the connection of the two above-men 
tioned transistors, which increases difficulty in shrinking the 
memory cell. Therefore, the whole EEPROM including a 
plurality of memory cells may have a relatively large size and 
occupy a relatively large space, which increase the manufac 
turing costs. 

Therefore, there is a need for a flash memory and a method 
for forming the same to reduce the size of a memory cell and 
decrease the manufacturing costs. 

BRIEF SUMMARY OF THE DISCLOSURE 

According to an embodiment of the present disclosure, a 
method for forming a flash memory cell is provided. The 
method includes: providing a substrate. Successively forming 
a first dielectric layer, a first polysilicon layer, a second 
dielectric layer, a second polysilicon layer and a hard mask 
layer on the Substrate; successively etching the hard mask 
layer, the second polysilicon layer, the second dielectric layer, 
the first polysilicon layer and the first dielectric layer to form 
an opening to expose a portion of the Substrate, Successively 
forming a third dielectric layer and a third polysilicon layer 
over the hard mask layer and the opening's sidewalls and 
bottom surface; etching the third polysilicon layer and the 
third dielectric layer to expose the hard mask layer and a 
portion of the Substrate, the remaining third polysilicon layer 
and the remaining third dielectric layer forming a word line 
and a word line dielectric layer on each of the openings 
sidewalls; implanting ions into the exposed portion of the 
Substrate to form a source region; forming a source line on the 
Surface of the source region of the exposed semiconductor 
Substrate, and an isolating dielectric layer between the Source 
line and each word line; removing the hard mask layer, form 
ing a first spacer on a side of each word line dielectric layer 
away from the word line; and Successively etching the second 
polysilicon layer, the second dielectric layer, the first poly 
silicon layer and the first dielectric layer with the first spacers 
as a mask until the Substrate is exposed, to form a gate stack 
comprising a control gate, a control gate dielectric layer, a 
floating gate and a floating gate dielectric layer on each side of 
the source line. 

Optionally, forming the Source line comprises: forming a 
spacer over the word line dielectric layer's sidewall and part 
of the word line's sidewall, wherein the spacer acts as an 
isolating dielectric layer between the word line and the source 
line to be formed; filling the opening up with polysilicon until 
the polysilicon covers the word lines and the hard mask layer; 
chemical mechanical polishing the polysilicon until the hard 
mask layer is exposed; and etching back the polysilicon in the 
opening to expose the word line and part of the isolating 
dielectric layer. 

Optionally, the source line's top surface is lower than the 
isolating dielectric layers top surface. 
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Optionally, the method further includes forming isolating 
structures in the semiconductor Substrate, which extends into 
the first dielectric layer and further into the first polysilicon 
layer. 

Optionally, the first dielectric layer, the second dielectric 
layer and the third dielectric layer include silicon dioxide. 

Optionally, the hard mask layer includes silicon nitride. 
Optionally, the hard mask layer includes a thickness rang 

ing from about 2000 A to about 4000 A. 
Optionally, the first spacer includes silicon dioxide. 
Optionally, the third dielectric layer is formed by a high 

temperature CVD process. 
Optionally, after the gate stack is formed, the method fur 

ther includes forming a second spacer on a sidewall of the gate 
stack on a side of the gate stack away from the Source line. 

Optionally, the second spacer comprises silicon nitride. 
Optionally, after the gate stack is formed, forming a drain 

region in the Substrate on a side of each gate stack away from 
the source line. 
A flash memory cell is provided by an embodiment of the 

present disclosure. The flash memory cell includes: a sub 
strate; a source line on the Substrate; a word line and a word 
line dielectric layer on each side of the source line, wherein 
the word line dielectric layer comprises a part disposed 
between the word line and the substrate and another part 
disposed on an outer sidewall of the word line; an isolating 
dielectric layer which isolates the source line from the word 
line and the word line dielectric layer on each side of the 
Source line; a gate stack on a side of each word line dielectric 
layer far away from the word line, wherein the gate stack 
comprises a floating gate dielectric layer, a floating gate, a 
control gate dielectric layer and a control gate, and a top 
Surface of the gate stack is lower than atop Surface of the word 
line dielectric layer; a first spacer, disposed on each control 
gate and on a side of each word line dielectric layer far away 
from the word line; and a source region in the Substrate and in 
contact with the source line. 

Optionally, the source line's top surface is lower than the 
isolating dielectric layers top surface. 

Optionally, the flash memory cell further includes a second 
spacer disposed on a sidewall of each gate Stack on an outer 
side of each gate stack. 

Optionally, the flash memory cell further includes a drain 
region disposed in the Substrate on an outer side of each gate 
stack. 
Compared with prior art, embodiments of the present dis 

closure have following advantages. 
In the flash memory cell, the control gate, the control gate 

dielectric layer, the floating gate and the floating gate dielec 
tric layer (which correspond to the gate stack of the conven 
tional floating transistor), together with the word line and the 
word line dielectric layer (which correspond to the gate stack 
of the conventional select transistor), are formed as an inte 
gral structure, so the conventional common doping region is 
no longer necessary. The size of the memory cell is reduced 
and the manufacturing costs are decreased. 

Further, the first spacer includes silicon dioxide, which 
may effectively protect the substance below due to a relatively 
high polysilicon/silicon dioxide etching selectivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional view of a memory cell 
in a conventional EEPROM; 

FIG. 2 is a flow chart illustrating a method for forming a 
flash memory cell according to an embodiment of the present 
disclosure; 
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4 
FIGS. 3 to 12 are schematic cross-sectional views of inter 

mediate structures along a A-B direction shown in FIG. 13, 
illustrating a method for forming a flash memory cell accord 
ing to an embodiment of the present disclosure; and 

FIG. 13 is a schematic top view of a flash memory block 
including a plurality of flash memory cells formed according 
to an embodiment of the present disclosure. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

As described above, the memory cell of the conventional 
EEPROM includes a storage transistor and a selection tran 
sistor which are spaced apart from each other. A common 
doping region is necessary to realize the connection of the two 
above-mentioned transistors, which increases difficulty in 
shrinking the memory cell. Therefore, the whole EEPROM 
including a plurality of memory cells may have a relatively 
large size and occupy a relatively large space, which increase 
the manufacturing costs. 

Therefore, a method for forming a flash memory cell is 
provided in an embodiment of the present disclosure. The 
method includes the following process steps: providing a 
Substrate; successively forming a first dielectric layer, a first 
polysilicon layer, a second dielectric layer, a second polysili 
con layer and a hard mask layer on the Substrate; Successively 
etching the hard mask layer, the second polysilicon layer, the 
second dielectric layer, the first polysilicon layer and the first 
dielectric layer to forman opening which exposes a portion of 
the Substrate; successively forming a third dielectric layer and 
a third polysilicon layer over the hard mask layer and the 
opening's sidewalls and bottom Surface; etching the third 
polysilicon layer and the third dielectric layer until the hard 
mask layer and a portion of the Substrate are exposed, so as to 
form a word line and a word line dielectric layer on each of the 
opening's sidewalls; implanting ions into the exposed portion 
of the Substrate to form a source region therein; forming a 
Source line on the source region and an isolating dielectric 
layer between the source line and each word line; removing 
the hard mask layer; forming a first spacer on an outer side 
wall of each word line dielectric layer; and by using the first 
spaceras a mask, Successively etching the second polysilicon 
layer, the second dielectric layer, the first polysilicon layer 
and the first dielectric layer until the substrate is exposed, so 
as to form a gate stack including a control gate, a control gate 
dielectric layer, a floating gate and a floating gate dielectric 
layer. 
A flash memory cell formed by using the method described 

above according to an embodiment of the present disclosure 
includes: a substrate; a source line on the Substrate; a word 
line and a word line dielectric layer on each side of the source 
line, wherein the word line dielectric layer includes a part 
disposed between the word line and the substrate and another 
part disposed on an outer sidewall of the word line; an isolat 
ing dielectric layer which isolates the source line from the 
word line and the word line dielectric layer; a gate Stack on an 
outer side of each word line dielectric layer, wherein the gate 
stack includes a floating gate dielectric layer, a floating gate, 
a control gate dielectric layer and a control gate, and a top 
Surface of the gate stack is lower than atop Surface of the word 
line dielectric layer, a first spacer, disposed on an outer side 
wall of each word line dielectric layer and on each control 
gate; and a source region in the Substrate and in contact with 
the source line. The flash memory cell is formed with self 
alignment methodology. Furthermore, a common doping 
region between the select transistor and the storage transistor 
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is no longer necessary, which contributes to shrinking the 
memory cells size and reducing the manufacturing costs. 

It should be noted that, in the description of the present 
disclosure, the “outer sidewall’ is a sidewall of a certain 
substance (for example, the word line) which is farther from 
the source line compared with the substance's other side 
walls. Similarly, the “outer side' is a side of a certain sub 
stance (for example, the word line dielectric layer) which is 
farther from the source line compared with the substances 
other sides. 

In order to clarify the objects, characteristics and advan 
tages of the disclosure, embodiments of the disclosure will be 
interpreted in detail in combination with accompanied draw 
ings. It should be noted that, in the accompanying drawings, 
for convenience of description, the sizes and relative posi 
tions of elements are not necessarily drawn to Scale. For 
example, Some of these elements are arbitrarily enlarged and 
positioned to improve drawing legibility. The accompanying 
drawings are merely examples which should not limit the 
Scope of the present disclosure. Besides, in practical manu 
facturing, the device is actually a three-dimensional structure, 
including length, width and depth. 

FIG. 2 is a flow chart illustrating a method for forming a 
flash memory cell according to an embodiment of the present 
disclosure. Referring to FIG. 2, the method includes steps as 
follows. 
At step S201, a substrate with a first dielectric layer and a 

first polysilicon layer Successively formed thereon is pro 
vided. 
At step S202, isolating structures, which penetrate through 

the first dielectric layer and the first polysilicon layer, and 
extend into the substrate, are formed. 
At step S203, a second dielectric layer, a second polysili 

con layer and a hard mask layer are Successively formed on 
the first polysilicon layer and the isolating structures. 

At step S204, the hard mask layer, the second polysilicon 
layer, the second dielectric layer, the first polysilicon layer 
and the first dielectric layer are successively etched until a 
portion of the Substrate is exposed, so as to form an opening 
therein. 

At step S205, a third dielectric layer and a third polysilicon 
layer are Successively formed on the hard mask layer and the 
opening's sidewalls and bottom surface. 

At step S206, a portion of the third dielectric layer and a 
portion of the third polysilicon layer are etched until the hard 
mask layer and a portion of the Substrate are exposed, so as to 
form a word line and a word line dielectric on each of the 
opening's sidewalls. 

At step S207, ions are implanted into the substrate's 
exposed portion to form a source region therein. 

At step S208, a source line is formed on the source region 
and an isolating dielectric layer is formed between the Source 
line and each word line. 
At step S209, the hard mask layer is removed and a first 

spacer is formed on an outer sidewall of each word line 
dielectric layer. 

At step S210, by using the first spacers as a mask, the 
second polysilicon layer, the second dielectric layer, the first 
polysilicon layer and the first dielectric layer are successively 
etched until the Substrate is exposed, so as to form a gate stack 
including a control gate, a control gate dielectric layer, a 
floating gate and a floating gate dielectric layer on each side of 
the source line. 
And at Step S211, on an outer side of each gate stack, a 

second spacer is formed on a sidewall of each gate stack and 
a drain region is formed in the Substrate. 
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6 
FIGS. 3 to 12 are schematic cross-sectional views of inter 

mediate structures along an A-B direction shown in FIG. 13, 
illustrating a method for forming a flash memory cell accord 
ing to an embodiment of the present disclosure. It should be 
noted that FIG. 13 is a schematic top view of a flash memory 
block including a plurality of flash memory cells. Along the 
A-B direction in FIG. 13, flash memory cells disposed 
between each pair of neighboring isolating structures 40 
share the same structure. To describe the embodiment clearly 
and concisely, only one of the flash memory cells is taken as 
an example hereinafter. 

Referring to FIG.3, a substrate 300 is provided with a first 
dielectric layer 301 and a first polysilicon layer 302 succes 
sively formed thereon. And isolating structures 303, which 
penetrate through the first dielectric layer 301 and the first 
polysilicon layer 302, and extend into the substrate 300, are 
formed. 
An N-well, which is not shown in the accompanying draw 

ings, is also formed in the substrate 300. 
The first dielectric layer 301 is adapted for forming floating 

gate dielectric layers and the first polysilicon layer 302 is 
adapted for forming floating gates in Subsequent steps. The 
floating gate dielectric layers act as tunneling oxide layers 
disposed between the floating gates and the Substrate. The 
first dielectric layer 301 is formed by a thermal oxide or CVD 
process, includes silicon dioxide and has a thickness ranging 
from about 80 A to about 120 A. The first polysilicon layer 
302 is formed by a CVD process, has a thickness ranging 
from about 200 A to about 600 A, and includes doped poly 
silicon which is doped with phosphorus ions. 
The isolating structures 303 are formed as follows. A pat 

terned photoresist layer including openings corresponding to 
the isolating structures 303 is formed over the first polysilicon 
layer 302; the first polysilicon layer 302, the first dielectric 
layer 301 and the substrate 300 are successively etched with 
the patterned photoresist layer used as a mask, so that 
trenches corresponding to the isolating structures are formed; 
and the isolating structures 303 are formed by filling the 
trenches completely with dielectric materials. The isolating 
structures 303 are used to isolate active regions. The isolating 
structures 303 are formed after the formation of the first 
polysilicon layer 302, which may achieve a desirable align 
ment. Therefore, polysilicon deviation may be avoided, 
which is possible to occur if the isolating structure are formed 
in advance. 

Referring to FIG. 4, a second dielectric layer 304, a second 
polysilicon layer 305 and a hard mask layer 306 are succes 
sively formed on the first polysilicon layer 302 and the iso 
lating structures 303. 
The second dielectric layer 304 is adapted for forming 

control gate dielectric layers and the second polysilicon layer 
305 is adapted for forming control gates in Subsequent steps. 
The control gate dielectric layers act as isolating layers dis 
posed between the control gates and the floating gates. The 
second dielectric layer 304 is formed by a CVD process, 
includes silicon dioxide oran ONO structure, and has a thick 
ness ranging from about 120A to about 150 A. The second 
polysilicon layer 305 is formed by a CVD process, and has a 
thickness ranging from about 300 A to about 600 A. The 
second polysilicon layer 305 includes doped polysilicon. 
The hard mask layer 306 is formed by a CVD process, and 

has a thickness ranging from about 2000 A to about 4000 A. 
Referring to FIG. 5, the hard mask layer 306, the second 

polysilicon layer 305, the second dielectric layer 304, the first 
polysilicon layer 302 and the first dielectric layer 301 are 
successively etched to form an opening 30 from which a 
portion of the Substrate is exposed. 
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The opening 30 is formed as follows. A patterned photo 
resist layer which exposes a portion of the hard mask layer 
306 to be etched is formed on the hard mask layer 306; and the 
hard mask layer 306, the second polysilicon layer 305, the 
second dielectric layer 304, the first polysilicon layer 302 and 
the first dielectric layer 301 are successively etched to formed 
the opening 30, with the patterned photoresist layer used as a 
mask. 

Specifically, the hard mask layer 306 and the second 
dielectric layer 304 are respectively etched with wet etching 
processes which respectively apply hot phosphoric acid and 
dilute hydrofluoric acid as etchants. 
The second polysilicon layer 305 and the first polysilicon 

layer 302 are respectively etched with plasma dry etching 
processes by applying HBr as etch gases. 

Referring to FIG. 6, a third dielectric layer 307 and a third 
polysilicon layer 308 are successively formed on the hard 
mask layer 306 and the opening 30's sidewalls and bottom 
Surface. 
The third dielectric layer 307 is adapted for forming word 

line dielectric layers and the third polysilicon layer 308 is 
adapted for forming word lines in Subsequent steps. The word 
line dielectric layers isolate the word lines from the floating 
gates and the control gates, and act as tunneling oxide layers 
between the word lines and the floating gates. The third 
dielectric layer 307 is formed by a thermal CVD process, and 
has a thickness ranging from about 100 A to about 150A. The 
third polysilicon layer 308 is formed by a CVD process, and 
has a thickness ranging from about 2000 A to about 3000 A. 
The third polysilicon layer 308 includes doped polysilicon. 

It should be note that, to improve the cell's stability, the 
thickness and width of the word lines formed in subsequent 
steps should meet certain requirements. Therefore, it is 
important to control the thickness of the third polysilicon 
layer 308, especially for the portions on the opening's side 
walls. The third polysilicon layer 308 is formed by CVD to 
cover the opening 30’s sidewalls and bottom surface. There 
fore, the aspect ratio of the opening 30 is required to be 
configured within a certain range. If the aspect ratio is too 
large, it may be difficult to deposit polysilicon to cover the 
opening's sidewalls, so that the polysilicon formed thereon 
may be too thin to form desired word lines. However, if the 
aspect ratio is Small (which means the opening is wide), too 
much polysilicon may be formed on the bottom surface, 
which is also undesired. Therefore, as described above, the 
hard mask layer 306, including a thickness ranging about 
2000 A to about 4000 A, is formed on the second polysilicon 
layer 305 to increase the total thickness of the multilayer stack 
because the second polysilicon layer 305, the second dielec 
tric layer 304, the first polysilicon layer 302 and the first 
dielectric layer 301 are not thick enough. By choosing the 
thickness of the hard mask layer 306 within the above men 
tioned range, the multi-layer stack may has an appropriate 
thickness, the opening 30 formed therein may has a suitable 
aspect ratio, and thus the third polysilicon layer may have a 
desired thickness. 

Referring to FIG. 7, a portion of the third dielectric layer 
307 and a portion of the third polysilicon layer 308 are etched 
until the hard mask layer 306 and a portion of the substrate 
300 are exposed, so as to form a word line 308a and a word 
line dielectric layer 307a on each of the opening 30's side 
walls. Ions are implanted into the Substrate’s exposed portion 
to form a source region 309 therein. 

The third polysilicon layer 308 is etched with dry etching. 
And the third dielectric layer 307 is etched with wet etching. 
The word line dielectric layer 307a has a L-sectional shape 

which includes one part between the opening 30's sidewall 
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8 
and the word line 308a's sidewall and another part between 
the substrate 300's top surface and the word line 308's bottom 
Surface. 
The ions implanted into the substrate are P-type boronions. 

An annealing process is performed to the substrate 300 after 
the implantation to diffuse the ions to a portion of the sub 
strate which is under the word line dielectric layer 307a. 

Referring to FIG. 8 and FIG.9, a source line 311 is formed 
on the source region 309 and an isolating dielectric layer 310 
is formed between the source line 311 and each word line 
308. 
The source line 311 is formed as follows. On each sidewall 

of the opening 30, a spacer is formed over the word line 
dielectric layer 307a and a part of the word line 308a, the 
spacer is the isolating dielectric layer 310; the opening 30 is 
filled up with polysilicon which covers the word line 308a 
and the hard mask306; a portion of the polysilicon is removed 
by CMP until the hard mask layer 306 is exposed; and the 
polysilicon in the opening 30 is etched back until an upper 
portion of the isolating dielectric layer 310 is exposed. The 
remaining polysilicon is the source line 311. 

It should be noted that the source line 311’s top surface is 
formed to be lower than the isolating dielectric layer 310's top 
surface, to ensure that the source line 311 and the word line 
308a are isolated by the isolating dielectric layer 310, so that 
short circuit between the source line and the word line may be 
avoided, thereby improving the stability. 
The isolating dielectric layer 310 includes silicon dioxide. 

And the polysilicon used for forming the source line 311 is 
doped with boron ions. 

Referring to FIG. 10 and FIG. 11, the hard mask layer 306 
(shown in FIG.9) is removed and a first spacer 312a (which 
is formed by etching a silicon oxide layer 312 shown in FIG. 
10) is formed on an outer sidewall of each word line dielectric 
layer 307a. Thereafter, by using the first spacer 312a as a 
mask, the second polysilicon layer 305, the second dielectric 
layer 304, the first polysilicon layer 302 and the first dielectric 
layer 301 are successively etched until the substrate 300 is 
exposed, so as to form a gate stack including a control gate 
305a, a control gate dielectric layer 304a, a floating gate 302a 
and a floating gate dielectric layer 301a on each side of the 
Source line. 
The first spacer 312a includes silicon dioxide, which may 

effectively protect the substance below when it is etched to 
form the gate stack because a relatively high etching selec 
tivity may be obtained with a silicon dioxide mask. 
The first spacer 312a is formed as follows. The hard mask 

layer 306 (shown in FIG.9) is removed; a silicon oxide layer 
312 (shown in FIG. 10) is formed over the second polysilicon 
layer 305, the word line 308a, the word line dielectric layer 
307a, the source line 311 and the isolating dielectric layer 
310; and the silicon oxide layer 312 is etched to form a first 
spacer 312a on an outer sidewall of each word line dielectric 
layer 307a. During the formation of the gate stack by an 
etching process, the first spacer 312a also protects the word 
line dielectric layer 307a from being etched. 

Referring to FIG. 12, a drain region 314 is formed in the 
Substrate 300 on an outer side of each gate stack; and a second 
spacer 313 is formed over an outer sidewall of each gate stack. 
The second spacer 313, including silicon nitride, is adapted 

for protecting the outer sidewall of each gate stack. 
The drain region 314 is formed by ion implantation. The 

implanted ions are P-type. An annealing process is further 
performed to the substrate 300 after the ion implantation to 
diffuse the implanted ions to a portion of the substrate beneath 
each floating gate dielectric layer 301a. 
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After the formation of the second spacer 313 and the drain 
region 314, conductive plugs are formed on the drain region 
314, the source line 311 and the word line 308a. The conduc 
tive plug formed on each drain region 314 is coupled to a bit 
line (not shown in FIG. 12) which is a metal wire in parallel to 5 
a direction from the drain region 314 to the source region 309. 
A flash memory cell is formed by the method provided by 

the embodiment of the present disclosure. Referring to FIG. 

WL CG1 BL1 SL CG2 

Pro- Bit1 F 8V -SW F F 
gram 
Read Bit1 -3.3 V OV -1. SV OV OV 
Erase All 8 V -7 V OV F -7 V 

Bit 

2O 
12, the flash memory cell includes: a substrate 300; a source 
line311 on the substrate 300; a word line 308a and a word line 
dielectric layer 307a on each side of the source line 311, 
wherein the word line dielectric layer 307a includes a part 
disposed between the word line 308a and the substrate 300 
and another part disposed on an outer sidewall of the word 
line 308a; an isolating dielectric layer 310 on each side of the 
source line 311 which isolates the source line 311 from the 
word line 308a and the word line dielectric layer 307a; a gate 
stack on an outer side of each word line dielectric layer 307a, 
wherein the gate Stack includes a floating gate dielectric layer 
301a, a floating gate 302a, a control gate dielectric layer 304a 
and a control gate 305a; a first spacer 312a, disposed on an 
outer sidewall of each word line dielectric layer 307a and on 
each control gate; and a source region 309 in the substrate 300 
and in contact with the source line 311. 
The flash memory cell formed by the method provided by 

the embodiment includes two flash memory bits sharing the 
same source line. 

In the flash memory cell, the gate stack (which is the gate 
stack of the conventional storage transistor) including the 
control gate 305a, the control gate dielectric layer 304a, the 
floating gate 302a and the floating gate dielectric layer 301a, 
together with the word line 308a and the word line dielectric 
layer 307a (which is the gate stack of the conventional select 
transistor), are formed as an integral structure, so the conven 
tional common doping region is no longer necessary. Further, 
the flash memory cell including the two flash memory bits, 
which share the same source region and the same source line, 
can store two bits of data. Compared with the conventional 
memory cell including the storage transistor and the select 
transistor disposed in the split-style, the size of the memory 
cell is reduced and the manufacturing costs are decreased. 

FIG. 13 is a schematic top view of a flash memory block 
including a plurality of flash memory cells according to an 
embodiment of the present disclosure. Referring to FIG. 13, 
the flash memory block includes: isolating structures 40; a 
plurality of flash memory cells, wherein the flash memory 
cells disposed between a pair of neighbouring isolating struc 
tures 40 share a same source line; source lines SL, word lines 
WL1-1, WL1, WL1+1 and WL1+2; bit lines BL 1-1, BL1, 
BL 1+1 and BL 1+2, and control lines CG1, CG1+1, CG2 and 
CG2+1. 

Each flash memory cell in the block includes two bits 
sharing the same source line. Each source line SL is formed 
by coupling the source lines of the flash memory cells in the 
same row. Each bit line in the block is formed by coupling the 
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10 
bit lines of the flash memory cells in the same column. The bit 
lines are coupled to the drain regions of the flash memory 
cells. The control lines are coupled to gate stacks 50, or 
precisely speaking, to the control gates of the flash memory 
cells. 

It should be noted that, only a block of a flash memory is 
shown in FIG. 13, which is merely an example and should not 
limit the scope of the present disclosure. 

CG1 - CG2 - BL1 - BL 1 - BL 1 - WL1 WL1 - 
1 1 1 1 2 1 2 NW 

F F F F F F F 2.5 V 

OV OV OV OV OV OV OV OV 
-7 V -7 V OV OV OV 8 V 8V OV 

The table above illustrates the voltages applied on: the 
source lines SL; the word lines WL1-1, WL1, WL1+1 and 
WL1+2; the bit lines BL 1-1, BL1, BL1+1 and BL 1+2, and 
the control lines CG1, CG1+1, CG2 and CG2+1, during a 
programming process, a reading process and an erasing pro 
cess performed to the block shown in FIG. 13. The column 
NM illustrates the voltages applied on the N-well in the 
substrate in different processes. Bit 1 represents a target flash 
memory bit 60 in FIG. 13. All bits represent all the flash 
memory bits in FIG. 13. The programming process and the 
reading process are performed to the target flash memory bit 
60 as an example. The erasing process is performed to all the 
flash memory bits in the block. The values of the voltages 
illustrated in the table above are merely for illustration and 
not limitation. In other embodiments, other Voltage values 
may also be practical to perform the programming, reading 
and erasing processes. 
As an example, the target flash memory bit 60 is the flash 

memory bit on the right side of the source line 311 shown in 
FIG. 12. 

Referring to FIG. 13 in conjunction with FIG. 12, the 
programming process to the target memory bit 60 is per 
formed as follows. A positive voltage of 8V is applied on the 
control line CG1 coupled to the control gate 305a, a negative 
voltage of 5V is applied on the bit line BL1 coupled to the 
drain region 314, the word line 308a and the source line 311 
are opened, and a positive Voltage of 2V is applied on the 
N-well in the substrate 300. Other voltage input ends in FIG. 
13 are opened. The voltage level of the control gate 305a is 
higher than the voltage level of the drain region 314. There 
fore, electrons in the drain region 314 tunnel into the floating 
gate 302a through the floating gate dielectric layer 301a, 
which accomplishes the programming process. The tunneling 
current is a gate induced drain leakage (GIDL) current which 
is very Small, thereby reducing the power consumption and 
shrinking the size of a charge pump providing the negative 
voltage to the bit line BL1. Therefore, the sizes of capaci 
tances which providing the charge pumps in the circuit design 
and the area of a chip may be decreased. 
The reading process to the target memory bit 60 is per 

formed as follows. The control line CG1 coupled to the con 
trol gate 305a is grounded, a negative voltage of 3.3V is 
applied on the word line 308a, a negative voltage of 1.5V is 
applied on the bit line BL 1 coupled to the drain region 314, 
and the N-well in the substrate 300 is grounded. Other voltage 
input ends in FIG. 13 are also opened. The storage state of the 
target memory bit 60 is judged by testing the magnitude of the 
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current flowing between the source region 309 and the drain 
region 314. If there are electrons stored in the floating gate 
302a, the channel region is open and there is a current 
between the source region 309 and the drain region 314. If 
there are no electrons stored in the floating gate 302a, the 
channel is closed and there is no current between the source 
309 and the drain 314. 
The erasing process to the block shown in FIG. 13 is 

performed as follows. A positive voltage of 8V is applied on 
the word lines WL1-1, WL1, WL1+1 and WL1+2. A negative 
Voltage of 7V is applied on the control lines CG1, CG1+1, 
CG2 and CG2+1 which are coupled to the controlgates of the 
flash memory bits. The bit lines BL 1-1, BL1, BL 1+1 and 
BL 1+2 which are coupled to the drain regions of the flash 
memory bits are all grounded. The source lines SL are 
opened. The N-well in the substrate 300 is grounded. All the 
electrons stored in the floating gates of the flash memory bits 
are transferred into the word lines across the word line dielec 
tric layers, resulting in erasing all the flash memory bits 
shown in FIG. 13. In the erasing process, the electrons tunnel 
from the polysilicon of the floating gates to the polysilicon of 
the word lines. Polysilicon includes crystalline grains with 
different orientations. The electric field on the surface of the 
polysilicon in the word lines may be thus enhanced, which 
benefits the Fowler-Nordheim tunneling of the electrons in 
the floating gates. Therefore, the voltage applied on the word 
lines may be reduced. The erasing speed and efficiency of the 
flash memory is improved compared with the conventional 
EEPROM. That is because in the flash memory cell, all the 
flash memory bits in a block can be erased in one erasing 
process, but in the conventional EEPROM, only one memory 
bit can be erased in one erasing process. Further, the costs 
may be reduced. 

In conclusion, the flash memory cell is formed with self 
alignment technique. Furthermore, a common doping region 
between the conventional select and storage transistors is no 
longer necessary, which contributes to shrinking the memory 
cells size and reducing the manufacturing costs. 
The disclosure is disclosed, but not limited, by preferred 

embodiments as above. Based on the disclosure of the disclo 
Sure, those skilled in the art can make any variation and 
modification without departing from the scope of the disclo 
Sure. Therefore, any simple modification, variation and pol 
ishing based on the embodiments described herein is within 
the scope of the present disclosure. 
What is claimed is: 
1. A method for forming a flash memory cell, comprising: 
providing a substrate; 
Successively forming a first dielectric layer, a first polysili 
con layer, a second dielectric layer, a second polysilicon 
layer and a hard mask layer on the substrate; 

Successively etching the hard mask layer, the second poly 
silicon layer, the second dielectric layer, the first poly 
silicon layer and the first dielectric layer to form an 
opening to expose a portion of the substrate; 

successively forming a third dielectric layer and a third 
polysilicon layer over the hard mask layer and the open 
ing's sidewalls and bottom surface; 

etching the third polysilicon layer and the third dielectric 
layer to expose the hard mask layer and a portion of the 
Substrate, the remaining third polysilicon layer and the 
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remaining third dielectric layer forming a word line and 
a word line dielectric layer on each of the opening's 
sidewalls; 

implanting ions into the exposed portion of the substrate to 
form a source region; 

forming a source line on the surface of the source region of 
the exposed semiconductor substrate, and an isolating 
dielectric layer between the source line and each word 
line; 

removing the hard mask layer; 
forming a first spacer on a side of each word line dielectric 

layer away from the word line; and 
Successively etching the second polysilicon layer, the sec 
ond dielectric layer, the first polysilicon layer and the 
first dielectric layer with the first spacers as a mask until 
the substrate is exposed, to form a gate stack comprising 
a control gate, a control gate dielectric layer, a floating 
gate and a floating gate dielectric layer on each side of 
the source line. 

2. The method according to claim 1, whereinforming the 
source line comprises: 

forming a spacer over the word line dielectric layer's side 
wall and part of the word line's sidewall, wherein the 
spacer acts as an isolating dielectric layer between the 
word line and the source line to be formed; 

filling the opening up with polysilicon until the polysilicon 
covers the word lines and the hard mask layer; 

chemical mechanical polishing the polysilicon until the 
hard mask layer is exposed; and 

etching back the polysilicon in the opening to expose the 
word line and part of the isolating dielectric layer. 

3. The method according to claim 1, wherein the source 
line's top surface is lower than the isolating dielectric layer's 
top surface. 

4. The method according to claim 1, further comprising 
forming isolating structures in the semiconductor substrate. 
which extends into the first dielectric layer and further into the 
first polysilicon layer. 

5. The method according to claim 1, wherein the first 
dielectric layer, the second dielectric layer and the third 
dielectric layer comprise silicon dioxide. 

6. The method according to claim 1, wherein the hard mask 
layer comprises silicon nitride. 

7. The method according to claim 1, wherein the hard mask 
layer comprises a thickness ranging from about 2000 A to 
about 4000 A. 

8. The method according to claim 1, wherein the first 
spacer comprises silicon dioxide. 

9. The method according to claim 1, wherein the third 
dielectric layer is formed by a high temperature CVD process. 

10. The method according to claim 1, further comprising 
forming a second spacer on a sidewall of the gate stack on a 
side of the gate stack away from the source line, after the gate 
stack is formed. 

11. The method according to claim 10, wherein the second 
spacer comprises silicon nitride. 

12. The method according to claim 1, further comprises 
forming a drain region in the substrate on a side of each gate 
Stack away from the source line after the gate stack is formed. 
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